Interleukin-1 1 (IL-11) is a recently described stromal-derived cytokine that supports the growth of an IL-&dependent murine plasmacytoma line in the presence of antibody t o IL-6 and appears t o act in a manner similar t o IL-6 on hematopoietic stem cells. Because IL-6 is known t o promote differentiation of normal human B cells, the role of IL-11 on B-cell differentiation in vitro was characterized. IL-11 does not result in significantly increased DNA synthesis or lg secretion by purified B cells alone or B cells cultured with Staphylococcus Cowan 1, a T-cell-independent B-cell mitogen. In contrast, purified B cells cultured in the presence of pokeweed mitogen (PWM), irradiated T cells, and monocytes show increased DNA synthesis at day 3 and increased IgG and IgM secretion at day 7 of culture; addition of IL-11 further augments lg secretion without change in DNA synthesis, an effect that can only be partially blocked by monoclonal antibody t o IL-6. Similar experiments confirmed that in-NTERLEUKIN-11 (IL-11) is a recently described cyto-
Interleukin-1 1 (IL-11) is a recently described stromal-derived cytokine that supports the growth of an IL-&dependent murine plasmacytoma line in the presence of antibody t o IL-6 and appears t o act in a manner similar t o IL-6 on hematopoietic stem cells. Because IL-6 is known t o promote differentiation of normal human B cells, the role of IL-11 on B-cell differentiation in vitro was characterized. IL-11 does not result in significantly increased DNA synthesis or lg secretion by purified B cells alone or B cells cultured with Staphylococcus Cowan 1, a T-cell-independent B-cell mitogen. In contrast, purified B cells cultured in the presence of pokeweed mitogen (PWM), irradiated T cells, and monocytes show increased DNA synthesis at day 3 and increased IgG and IgM secretion at day 7 of culture; addition of IL-11 further augments lg secretion without change in DNA synthesis, an effect that can only be partially blocked by monoclonal antibody t o IL-6. Similar experiments confirmed that in-NTERLEUKIN-11 (IL-11) is a recently described cyto-I kine that appears to be a multifunctional regulator of murine and human hematopoiesis.' It is produced by an immortalized primate bone marrow (BM)-derived stromal cell line (PU-34)2 and stimulates the growth of an IL-6-dependent murine plasmacytoma cell line in the presence of monoclonal antibody (MoAb) to IL-6.3 A cDNA encoding the plasmacytoma stimulatory activity was isolated through functional expression cloning in mammalian cells. The nucleotide sequence contained a single long reading frame of 597 nucleotides encoding a unique 199-amino acid polypeptide.' Preliminary biologic characterization suggests that IL-11 is capable of directly supporting the proliferation of committed murine macrophage progenitors and, like IL-6 and granulocyte colony-stimulating factor (G-CSF), acts synergistically with IL-3 to shorten the Go period of early progenitors: Although IL-11 has no inherent megakaryocyte colony-stimulating activity, it appears to synergize with IL-3 in promoting human and murine megakaryocyte colony formation in v i t r~.~-~ These studies suggest that IL-11 acts on early hematopoietic progenitors.
As noted above, IL-11 appears to act in a manner similar to IL-6 on hematopoietic stem cells. Because IL-6 is known to promote differentiation of human B cells,s-ll it is possible that IL-11 may also play a role in human B-cell maturation. IL-11 stimulates the growth of the IL-&dependent murine plasmacytoma cell line (T1165) and has been found to significantly enhance the formation of Ig-secreting B cells in a standard murine spleen cell plaque-formation assay.' This system measures the development of B cells in culture that respond to a specific immunogen, NP-modified erythrocytes, in the context of normal splenocytes. Interestingly, this response can be completely abrogated by depletion of T cells, suggesting that the effect of IL-11 may at least in part depend on the presence of T cells. More recent studies confirm that L3T4 (CD4) + T cells, but not Lyt-2 (CD8) + T cells, are required in the IL-11-stimulated augmentation creased IgG secretion was demonstrable when either IL-11 or IL-6 was added t o B cells + CD4+/45RA-T cells + monocytes + PWM; in contrast, lg secretion was low and equivalent when CD4+/45RA + T cells were cultured with B cells + monocytes + PWM with or without IL-6 or IL-11. Neither IL-6 nor IL-11 could significantly increase phytahemagglutinin (PHA)-induced DNA synthesis by CD4+/45RA-or CD4+/ 45RA+ T cells. Although PWM or IL-11 induced IL-6 mRNA expression in both CD4+/45RA-T cells and monocytes, in neither cell did IL-11 increase IL-6 mRNA expression over that noted t o PWM alone. These observations support the view that IL-11 promotes differentiation of human B lymphocytes only in the presence of accessory T cells and monocytes and that a minor component of this effect may be through stimulation of IL-6 production by CD4+/45RA-T cells and monocytes.
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of sheep red blood cell (RBC)-specific antibody responses in mice.I2 These preliminary observations suggest that IL-11 may promote T-cell-mediated murine B-cell differentiation, but its precise role in human B-cell differentiation is not yet characterized.
In the present report, we have examined the effect of IL-11 on T-cell-dependent and T-cell-independent human B-cell differentiation in vitro. IL-11 appears to have minimal effect on purified human B cells but appears to enhance IgG and IgM secretion by human B cells cultured with pokeweed mitogen (PWM), T cells, and monocytes. Because the IL-11 effect appears to be T-cell and/or monocyte mediated, the effect of IL-11 on purified CD4+/45RA-and CD4+/45RA+ T cells and on gonocytes was characterized. Although IL-11 appears to selectively stimulate IL-6 mRNA in CD4+/45RA-T cells and monocytes, in neither cell did IL-11 increase IL-6 mRNA expression over that noted to PWM alone. Moreover, the IL-11-induced increments in Ig secretion could only be partially blocked by MoAb to IL-6.
ANDERSON ET AL
Thus, IL-11 promotes human B-cell differentiation only in the presence of accessory T cells and monocytes, primarily in an IL-6-independent mechanism. MoAb. B lymphocytes were isolated from sheep RBC (SRBC)-nonrosetting PBMC by double adherence (negative selection) and were >90% pure (CD20+). In studies of DNA synthesis by purified B cells, both monocyte and T-cell populations were irradiated (20 cGy) before their coculture with B cells.
MATERIALS AND METHODS

Peripheral
To obtain 1 x lo7 CD4+/45RA-cells for preparation of RNA, the nonadherent CD45RA-cells obtained by panning were further depleted of low-density CD45RA+ cells by mixing with goat antimouse coated immunomagnetic beads (Dynal, Great Neck, NY) at a 1O:l bead:target ratio for 30 minutes as described by Gee et aL1* The nonadherent fraction when re-analyzed was only 3% positive for very low-density CD45 RA Ag.
RPMI 1640 medium, phosphate-buffered saline (PBS), HEPES buffer, L-glutamine, and penicillin-streptomycin were obtained from M.A. Bioproducts; fetal bovine serum (FBS) was from HyClone (Logan, UT). All components of culture and wash media were screened for endotoxin content with Limulus amoebocyte lysate (Sigma): only reagents containing < 10 pg/mL of endotoxin were used in the cell culture assays.
Heat-killed formalin-fixed Staphylococcus Cowan I (SAC) was obtained from Calbiochem-Behring (La Jolla, CA); PWM was obtained from GIBCO (Gaithersburg, MD). Phytahemagglutinin (PHA) was obtained from Sigma. Human recombinant IL-6 and anti-IL-6 MoAb were kindly provided by Steven Clark (Genetics Institute, Cambridge, MA). Conditioned medium from pC1R6-transfected COS-1 cells, which stimulated measurable incorporation of 3[H]TdR by T1165 cells even at final dilutions of up to 1:1,000, was used as a source of IL-11 for these experiments.
Cell separation.
Media.
Mitogens, recombinant cytokines, and antisera.
MoAbs. Murine MoAb used in this study are reactive with the following membrane Ag of PBMC: CD3 (Rw24 MoAb), CD2 (Tllz and TI13 antibody), CD8 (21Thy antibody), CD29 (4B4), CD45RA (2H4), class I1 MHC (9.49), CR3 (Mo-1), monocyte-specific (Mo-2), NK cell specific ("-1).
Anti-CD3 MoAb was used after purification on protein A-Sepharose CI-4B (Bio-Rad, Richmond, CA); the other MoAbs were used as ascites fluid. FITC-conjugated forms of these MoAbs and also of anti-CD4 (19 Thy) and anti-CD20 (B1) were obtained from Coulter Immunology (Hialeah, FL). The production and characterization of the abovementioned MoAb has been reported in detail
One hundred-microliter aliquots containing 2.5 x 104 purified B cells in RPMI/10% FBS medium were dispensed into 96-well round-bottomed tissue culture plates (Costar, Cambridge, MA). Cells were cultured in the presence of medium, SAC Supernatants were harvested at day 7 of culture and assayed for IgG and IgM using both an enzyme-linked immunosorbent assay (ELISA) and a solid-phase RIA as previously
The RIA can detect 2 5 ng/mL IgG and IgM.
Unfractionated T cells (1 X lo7), CD4+/ 45RA-T cells, and monocytes were obtained as described above. These cells were cultured in the presence of media, PWM, IL-11, or PWM + IL-11. At 24 hours, cells were harvested from each culture and 15 p,g of total RNA obtained by the method of Chomczynski and S a c~h i .~~ RNA was electrophoresed in a 1% agarose-formaldehyde gel and blotted onto a nylon filter (MSI, Westboro, MA). The filters were hybridized with 32P-labeled IL-6 probe. Human IL-6 (1.2 kb, Xho I) was obtained from plasmid PXM, kindly provided by Genetics Institute. A Ban 11-Taq I fragment was labeled by random oligonucleotide priming using 32P-labeled deoxyribonucleotide and Klenow fragment of DNA polymerase I. The T2426 and CEMZ7 cell lines were used as positive and negative controls for IL-6 mRNA expression, respectively. The autoradiogram was scanned using an LKB (Broma, Sweden) Ultrascan XL Laser densitometer and analyzed using the Gelscan HL Software package (Broma) to determine the intensity of the 1.3-kb IL-6 mRNA band.
After hybridization of the filters with 32P-labeled IL-6 probe, they were stripped. The filters were then hybridized with 32P-labeled p-actin probe.
Ig secretion under various culture conditions was compared using Wilcoxon signed-rank distribution analysis. increased IgG secretion relative to that noted to media alone (n = 6, P = ,014). Moreover, IL-11 and PWM resulted in significantly increased IgG (n = 6, P = .014) and IgM (n = 6, P = ,037) secretion compared with PWM alone.
and IgM secretion by B cells to approximately 35,000 ng/mL and 900 ng/mL, respectively. Additional experiments were performed to define the effect of IL-11 alone on IgG and IgM secretion of purified B cells without T cells, monocytes, or PWM. IL-11 did not significantly augment IgG secretion relative to media alone (n = 8, P = .131); however, a 12% 2 2% increase (n = 8, P = .009) in IgM secretion was noted in IL-11 cultures relative to media alone.
Additional experiments then examined the effects of IL-11 on PWM driven IgG and IgM secretion by B cells, T cells, and monocytes. As can be seen in Table 2 , both PWM and PWM + IL-11 significantly increased IgG secretion relative to that noted to media alone (n = 6, P = .014). Moreover, IL-11 and PWM resulted in significantly increased IgG (n = 6, P = .014) and IgM (n = 6, P = .037) secretion compared with PWM alone.
P W induced Ig secretion by purified B cells in the presence
of sorted C D 4 + / 4 5 R k and CD4+/45RAC Tcells. To more precisely characterize the mechanism of increased Ig secretion by B cells noted in the presence of IL-11 and T cells, CD4+/45RA-and CD4+ /45RA+ T cells were prepared using fluorescence cell sorting (Fig 1) . Purified B cells, PWM, and monocytes were cultured with either CD4+/ 45RA-or CD4+/45RA+ T cells in the presence of media, IL-6, IL-11, or anti-IL-6 MoAb, singularly or in combination. A representative experiment is displayed in Table 3 . Spontaneous secretion of IgG by B cells cultured in media alone was low again ( < 250 ng/mL). Coculture with CD4+ / 45RA-T cells and monocytes increased IgG secretion to 1,210 ng/mL, the addition of either IL-6 or IL-11 further augmented IgG secretion to 1,700 to 1,900 ng/mL. Anti-IL-6 MoAb completely blocked the effect of IL-6 on IgG secretion; in contrast, anti-IL-6 only partially blocked the IgG secretion noted in response to IL-11. Additional experiments similarly showed that PWM + IL-11 induced For personal use only. on October 23, 2017. by guest www.bloodjournal.org From increased IgG secretion, and that anti-IL-6 MoAb partially (n = 4, P = .0625) abrogated this effect (Table 4) , the increase in DNA synthesis was not significant (SI 2 3.0). There was no effect of either IL-6 or IL-11 on PHA-induced DNA synthesis by the CD4+/45RA+ T-cell subset. IgG (ng/mL) in culture supernatant at day 7 of culture was determined by RIA. Results were a mean of triplicate experiments, and are expressed relative to that noted in media alone.' SD was 5 10%. 
ROLE OF IL-11 IN B-CELL DIFFERENTIATION
Probe for IL-6 "A.
RNA was obtained from either unfractionated T cells, CD4+/45RA-T cells, or monocytes that had been cultured for 24 hours with media, IL-11, PWM, or with PWM + IL-11. The RNA was electrophoresed in a 1% agarose formaldehyde gel, blotted onto a nylon filter, and hybridized with 32P-labeled IL-6 probe. As can be seen in Fig 2A, 3,4, 5, and 6, respectively. P-Actin mRNA expression was equivalent in these lanes.
Total RNA prepared from monocytes cultured under similar conditions was also probed for IL-6. Monocytes cultured for. 24 hours in media weakly expressed IL-6 2801 mRNA (Fig 2B, lane 3 Multiple growth factors have been shown to play a role in B-cell differentiation.x The best characterized growth factors are IL-4 (B-cell stimulatory fact0r-1),2*-~~ which stimulates B cells activated by mitogen or Ag to synthesize DNA; and IL-6 (B-cell stimulatory factor 2), which promotes differentiation and Ig secretion in B cells activated by either mitogen or Ag.3642 IL-11 has effects independent of IL-6 in some systems, but appears to mediate its effects via IL-6 in others. Specifically, IL-11 stimulates the proliferation of an ILmMependent Inurine plasmacytoma cell line, an effect that can only be partially blocked by anti-IL-6 M0Ab.I Although the effect of IL-11 on human B-cell differentiation has not been previously studied, murine spleen cell plaque-formation assays demonstrate the development of secretory B cells responsive to a specific immunogen Only in the presence of murine T cells, supporting the view that effects of IL-11 depend on the presence of T cells.1.12 Our data also support the view that the action of IL-I 1 in human accessory T Cells and monocytes. Preliminary experiments suggest that IL-11 does not affect B-cell proliferation in the presence of SAC + I L -~ or &4, further supporting a critical role for accessory cells in mediating IL-11 activity. Although they further suggest that its effects may be mediated by inducing IL-6 production by T cells and For personal use only. on October 23, 2017. by guest www.bloodjournal.org From monocytes, the major effects of IL-11, both in murine and our human studies, is independent of IL-6.
Studies performed in the last few years indicate that CD4+ T lymphocytes can be subdivided into two distinct populations that differ in expression of cell-surface Ags and in functional repertoires. The first subset, comprising 50% to 60% of peripheral blood CD4+ T lymphocytes in healthy individuals, is characterized by enhanced expression of at least three types of Ags: (1) .56 The present studies suggest that IL-11 acts specifically on the CD4+/45RA-T cells and promotes the expected "inducer of help" effects. The augmentation of Ig secretion, although reproducible, is less than twofold in the setting of sorted CD4+/45RA-T cells, in contrast to the larger increases in Ig noted in some cultures with unfractionated T cells. Donor-to-donor variability in B-cell responses may explain this range of responses. Alternatively, it is also possible that IL-11 is mediating its effects on other accessory cells (ie, non-CD4+/45RA-T cells) in the experiments using unfractionated T cells.
Freshly isolated monocytes lack IL-6 mRNA.57,58 Culture of monocytes in media alone induces the expression of IL-6 mRNA at 5 hours, which is no longer evident at 24 hours. In the present study, significant IL-6 mRNA was also lacking both in freshly isolated monocytes and those cultured for 24 hours in media. However, stimulation with PWM and/or IL-11-induced detectable IL-6 mRNA expression at 24 hours. Monocytes cultured with lipopolysaccharide or concanavalin A also have been reported to express IL-6 I~R N A .~~ Thus, IL-11 appears to be similar to a variety of mitogens in its ability to directly induce IL-6 mRNA expression in monocytes.
Both IL-11 and IL-6 are produced by marrow stromal cells that support long-term hematopoiesis by normal human or primate progenitor cells in c u l t~r e .~-~~~ Moreover, both appear to augment IL-3-dependent development of megakaryocyte colonies in BM cell c~l t u r e .~-~ In our studies neither IL-11 nor IL-6 mRNA is present in peripheral blood T cells or monocytes; culture with either mitogen or IL-11 can induce IL-6 mRNA in the CD4+/45RA-T-cell subset or monocytes. It is known that either mitogen, Ag or viral, ie, human T lymphotropic virus-Type 1, exposure can induce IL-6 production by T cells,58-60 and it is therefore possible that IL-11 may trigger T cells in a similar fashion. Because small numbers of residual and accessory cells may be present in the hematopoietic progenitor cell assays reported to date, it is also possible that the effect of IL-11 in these systems, which mirrors that of IL-6, is also caused in part by IL-11-induced IL-6 production by accessory cells. Nonetheless, these studies all suggest that the major effects of IL-11 are not via an IL-6-mediated mechanism.
Multiple studies show that IL-6 may play a role in regulation of the growth of malignant B cells. In particular, IL-6, either in an autocrine and paracrine fashion, can induce DNA synthesis in purified multiple myeloma ~e l l s .~~-~~ Myeloma-derived cell lines may also use IL-6 in an autocrine growth pattern.64 As noted above, preliminary studies suggest that IL-11 can stimulate the growth of an IL-6-dependent murine plasmacytoma cell line in the presence of MoAb directed against IL-6.' However, early studies also suggest that IL-11, unlike IL-6, plays no role in the growth of human myeloma cells or derived cell lines.65 These studies provide additional evidence for biologic activities of IL-11 independent of IL-6.
